Birds often cause severe damage to agricultural crops, particularly at the harvest stage [1] [2] [3] . In this regard, the assessment of their crop damage is the key to developing methods to reduce such damage and to delineate management policies [4] [5] .
Among non-native species, the ring-necked parakeet Psittacula krameri (Scopoli, 1769), with an afro-indian distribution, has invaded several areas of Europe in recent decades, and ranks among the world's most successful introduced birds [6] . Although the species has long been considered a potential economic threat to agriculture (depredation on fruits, feeding on orchard fruits, maize and oil-seed crops [7] [8] [9] ), damage to crops has been largely evaluated in countries where this species is native [e.g., 8, [10] [11] [12] [13] . Nevertheless, although data on diet are locally available [e.g., [14] [15] , excluding occasional reports [16] [17] [18] , quantitative data on the specific impact on orchards are still scanty in Europe and entirely lacking for Southern Europe.
In this note we report the evidence for an impact of ring-necked parakeet on a suburban almond orchard inside the metropolitan area of Rome that holds one of the largest densities of ring-necked parakeet in Europe [19] [20] [21] [22] .
The study was conducted in the South East section of the "Appia Antica" regional park (1600 ha-wide), within the experimental fields of the CREA-OFA Research Center (between 41°48′04.7″ N / 12°33′54.9″ E and 41°47′13.2″ N / 12°34′10.3″ E; 50 m a.s.l., Rome, central Italy). In the surrounding landscape there are patches of Mediterranean forests with Holm Oak (Quercus ilex) and Downy Oak (Quercus pubescens) and residual disturbed woods of Turkey Oak (Quercus cerris) connected with hedgerows in a predominantly agricultural matrix. Riparian forests, dominated by the White Willow (Salix alba) with scarcity of undergrowth, and riparian reed beds dominated by Giant Reed (Arundo donax) are also present [19] [20] . The total area occupied by the Research Center is about 66 hectares, all contiguous. The experimental field consists of about 6000 varieties of fruit species grown in Italy (mainly Prunus
armeniaca, P. dulcis, P. avium, P. persica, P. domestica, Actinidia chinensis, Malus domestic, Pyrus communis).
We focused our quantitative survey only on the almond orchard (Prunus dulcis). The cultivated area occupied by this type of orchard was a rectangular patch of 0.8 hectares in total (about 100 in length × 80 m in breadth; n = 452 trees) within a wider field of about 2 ha including mixed cultivations of other species. This field is used specifically for experimental organic farming (only treatments with total absence of pesticides). The physical structure of almond trees is relatively homogeneous with plants having a trunk average diameter (at chest height) of 26 (± 5.47) cm, by about 2.5 meters in height (age: 15 years).
The study was carried out in September 2017 when the almond fruits are ripe, and furthermore it is the end of the breeding period of ring-necked parakeets so that juveniles may also forage on fruits [23] . A previous census using point count method (n = 120; sessions with fixed time: 5 min.) in all experimental orchards estimated a number ranging between 0-3 ind./session (G. Assogna, unpublished data). To obtain data on the impact of parakeets on almond fruits, first we randomly selected a set of trees (n = 48) inside the almond orchard sample, using a random number generator. Then, we counted the number of total available almond fruits occurring on each tree, checking for the almond fruits with evident damage caused by ring-necked parakeet (about four hours in the sampling effort in a single sampling day). All the fruits that showed evident damage from scarification and rupture (as shown in Fig. 1 ) were counted. We assigned the damage on almonds to the specific action of parakeets, considering that they completely break the fruit (individuals eat the almond fruits by breaking the exocarp and the mesocarp, thus extracting the seed contained within the endocarp, the inedible fleshy part; [12] ).
From field data, we obtained: (i) the frequency (for each tree and for the total; n = 48 trees) of almonds damaged out of the total of almond records, (ii) the mean number of available almonds/tree and damaged almonds/tree. We compared the frequencies using a χ 2 test; we correlated variables (almond vs. damaged almonds, and tree distance from edge vs. percentage of almonds damaged) using a non-parametric Spearman rank correlation test (2 tail; [24] ), using the SPSS 13.0 software [24] .
Of 3270 almonds recorded, 1036 (31.68%) showed signs of damage due to the feeding action carried out by ring-necked parakeets (Fig. 1) . The mean number of almonds available on trees was 46.54 (±18.27, n = 48). Among them, a mean number of 21.58 (±11.31) almonds showed signs of damage by ringnecked parakeet. Percentages of fruits damaged from the total of almonds available differed markedly among trees (from 2.78 to 90.69%; χ 2 = 57.13; p <0.001 between extreme values). We showed a direct significant correlation between almonds available on trees and almonds damaged (r s = 0.752, p<0.001, n = 48; Spearman rank correlation test, 2 tail, Fig. 2) . We also observed a significant relationship between percentage of fruit damaged and distance (in m) of almond trees to the orchard edge (r s = 0.445, p = 0.002, n = 48; Spearman rank correlation test, 2 tail).
Ring-necked parakeet seems to be the only non-native species locally impacting on this crop. Indeed, we have not observed individuals or signs of feeding attributable to the introduced monk parakeet, Myiopsitta monachus, known to be a species potentially damaging crops [23] , despite the occasional presence of this species in the study site [20] ; it is, however, more localized when compared to the ringnecked parakeet [25] .
Previous research has highlighted that in Europe the ring-necked parakeet is an opportunistic granivorousfrugivorous species mainly foraging in parks and gardens, on ornamental non-native plants, and also exploiting human food sources [26] [27] . For example, in Rome (Italy), parakeets eat Ulmus sp. samaras, Melìa azedarach fruits and Quercus ilex acorns [14] . Our data add further evidence for our continent (the first for Southern Europe; see [16] [17] ) of an impact of this introduced bird on almond orchards. Almond cultivation is widely diffused in Mediterranean contexts [28] . Our evidence highlights that, where these parakeets occur, the level of damage could be significant (about 30% of fruits damaged) and highly dependent (i) on fruit availability (significant correlation between almonds available and almonds damaged) and (ii) on the distance of trees from the orchard edge (significant correlation between percentage of almond damaged and tree distance from the edge). However, our data could be considered conservative: indeed, although we carried out this study immediately before the harvest period, damage could have further increased in subsequent days (until harvesting) since parakeets prefer progressively more mature fruits.
Actually, ring-necked parakeet is mainly localized in urbanized contexts [22] while almond cultivations are mainly distributed in rural landscapes [29] . In our case study, the impact observed might be due to a particular circumstance, i.e. the co-occurrence of an extensive experimental orchard located in a suburban landscape where ring-necked parakeet is very common [19] [20] . Nevertheless, the progressive urbanization of rural landscapes (for central Italy: [30] ) and the recent exponential expansion of ringnecked parakeet also in areas surrounding urban sites (for central Italy: [31] ) make probable the potential impact of this species on orchards and other crops in the future.
In addition to ecological impacts on native species [21, [32] [33] [34] , the economic impacts of ring-necked parakeet on agriculture have highlighted the need to expand effective management options [35] . Thus, it could be necessary to plan, even now, for the use of technical measures to reduce the impact of the ring-necked parakeet on these productive agro-ecosystems [9] .
